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Evidence of inadequate 
docosahexaenoic acid status 
in Brazilian pregnant and 
lactating women
Evidência de estado inadequado 
do ácido docosahexaenóico em 
gestantes e nutrizes brasileiras
ABSTRACT
Recently published data concerning dietary intake of fat and food sources of 
(n-3) long-chain polyunsaturated fatty acids (LCPUFA) in Brazil are reviewed 
together with data on biochemical indices of PUFA status during pregnancy 
and lactation and PUFA composition of breast milk in Brazilian adolescents 
and adults. Potential inadequacies of docosahexaenoic acid (DHA) status 
among Brazilian pregnant and lactating women have not yet been thoroughly 
evaluated. The data reviewed show that dietary intake of food sources of n-3 
LCPUFA is low and possibly defi cient in Brazil, and that biochemical indices 
of maternal DHA status and breast milk DHA content are low compared to 
the international literature. These data indicate inadequate DHA status among 
Brazilian women during pregnancy and lactation, but this evidence needs 
confi rmation through comprehensive and specifi c population-based studies.
DESCRIPTORS: Lactation. Dietary Fats. Fats, Unsaturated. Fatty Acids. 
Food Consumption. Periodicals as Topic. Pregnancy.
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The status of polyunsaturated fatty acids (PUFA) of 
n-6 and n-3 series depends mainly on habitual intake of 
dietary sources of these fatty acids, both quantitatively 
and qualitatively. Total intake of n-3 and n-6 PUFA is 
a major determinant of nutritional status, but the con-
tribution of individual fatty acids to total intake also 
affects PUFA status since differences in chain length 
and position and number of double bonds in the fatty 
acid structure will result in different biological func-
tions and metabolic use. Furthermore, PUFA status 
is affected by the ratio of n-6 to n-3 fatty acids of the 
habitual diet due to metabolic competition between 
them and may also be determined by dietary intake of 
energy, total fats and antioxidants.
During periods of high nutritional demands, such as 
pregnancy and lactation, energy and nutrient require-
ments are elevated because of increased needs for the 
growing tissues of the placenta and fetus and for milk 
production, respectively. Therefore, these periods are 
characterized by increased nutritional risks for the 
mother and the growing fetus or infant. Essential 
n-3 and n-6 PUFA, α-linolenic (18:3n-3) and lino-
leic (18:2n-6) acids, especially their very long-chain 
derivatives (LCPUFA), such as eicosapentaenoic 
(EPA; 20:5n-3), docosahexaenoic (DHA; 22:6n-3) 
and arachidonic (AA; 20:4n-6) acids, are required for 
infant growth, neurodevelopment, and visual func-
tion.17 The conversion of essential fatty acids to their 
longer chain polyunsaturated derivatives in humans is 
limited and insuffi cient to maintain adequate LCPUFA 
RESUMO
São revistas informações publicadas recentemente sobre a ingestão de 
tipos de gorduras alimentícias e fontes alimentares de ácidos graxos 
poli-insaturados de cadeia longa (AGPI-CL) n-3 no Brasil, juntamente 
com índices bioquímicos do estado nutricional para AGPI em gestantes 
e nutrizes e a composição em AGPI no leite de mulheres brasileiras 
adultas e adolescentes. Possíveis inadequações do estado nutricional do 
ácido docosahexaenóico (DHA) nas gestantes e nutrizes brasileiras ainda 
não foram investigadas com abrangência e profundidade sufi cientes no 
Brasil. Os dados considerados mostram que a ingestão dietética de fontes 
alimentares de AGPI-CL n-3 no Brasil é baixa e insufi ciente. Além disso, 
os índices bioquímicos do estado nutricional materno para o DHA e o teor 
de DHA no leite de mulheres brasileiras adultas e adolescentes são baixos, 
quando comparados com dados internacionais. Estes dados indicam possível 
estado inadequado para o DHA em gestantes e nutrizes brasileiras, mas 
estas evidências merecem confi rmação por meio de estudos populacionais 
abrangentes e específi cos.
DESCRITORES: Lactação. Gorduras na Dieta. Gorduras Insaturadas. 
Ácidos Graxos. Consumo de Alimentos. Publicações Periódicas como 
Assunto. Gestação.
INTRODUCTION
status,7 and consequently maternal dietary intake of 
preformed LCPUFA must meet the increased require-
ments. Since placental transfer during pregnancy and 
breast milk during lactation are practically the only 
signifi cant sources of n-3 and n-6 PUFA to growing 
fetuses and breastfed infants, maternal PUFA status 
will determine infant status.
Despite the relevance of n-3 LCPUFA for maternal 
health and infant development, studies concerning n-3 
LCPUFA maternal status and its association with the 
habitual maternal diet are scarce in Brazil. A search 
for scientifi c papers presenting Brazilian data on this 
subject was carried out in the ISI Web of KnowledgeSM 
and showed that between 2000 and 2007 there were 
only a few studies with small groups of pregnant and 
lactating women. The criteria for search and selection 
of published data are presented in the respective sec-
tions of this paper.
The selected papers describe dietary intake of fat and 
food sources of n-3 LCPUFA in Brazil, together with 
data on biochemical indices of PUFA status during 
pregnancy and lactation and PUFA composition of 
breast milk in Brazilian adolescents and adults. These 
recent data suggest sub-optimal n-3 LCPUFA status 
among Brazilian pregnant and lactating women. The 
present paper describes this current evidence and draws 
attention to potential inadequate DHA status among 
childbearing women especially regarding DHA status 
during pregnancy and lactation.
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PATTERN OF INTAKE OF PUFA FOOD 
SOURCES IN BRAZILIAN PREGNANT AND 
LACTATING WOMEN
The current Dietary Reference Intakes (DRI)30 for 
PUFA are based on median intake (Adequate Intake; 
AI)30 of n-6 and n-3 fatty acids of healthy North Ameri-
can subgroups. The AI of n-6 fatty acids is 13 g/day for 
pregnant and lactating women, which corresponds to 
Acceptable Macronutrient Distribution Range (AMDR) 
of 5% to 10% of total energy intake irrespective of age.30 
The AI of n-3 fatty acids is also the same for all age 
groups and is 1.4 g/day for pregnant and 1.3 g/day for 
lactating women, corresponding to an AMDR of 0.6–
1.2. The intake of n-6 and n-3 LCPUFA in the general 
population, including pregnant and lactating women, 
should correspond to 10% of these recommendations, 
respectively. However, a recent consensus on fat intake 
during pregnancy and lactation22 is that pregnant and 
lactating women should have average intake of at least 
0.2 g DHA/day, which is above the AI for total n-3 
LCPUFA.30 Maternal DHA intake at this level is as-
sociated with benefi cial effects on the development of 
visual acuity, cognitive functions and attention, among 
other neural-associated functions in infants,20,39 and 
could be achieved with one to two servings of sea fi sh 
weekly including oily fi sh.22 Nonetheless, the conver-
sion of recommended amounts of n-3 LCPUFA into 
dietary guidelines depends on food composition data, 
therefore regional differences regarding servings of fi sh 
to be consumed to achieve the recommended intake of 
n-3 LCPUFA are likely to occur.
In order to retrieve references of published papers on 
fatty acid intake and consumption of food sources of 
n-3 LCPUFA in Brazil, a search on the ISI Web of 
KnowledgeSM (Web of Science; Current Contents Con-
nect; ISI Proceedings; Biological Abstracts; BIOSIS 
Previews; CAB Abstracts; Food Science and Technol-
ogy Abstracts; MEDLINE) was conducted using the 
keywords “food consumption AND fat AND Brazil*”. 
Eighty-two references were retrieved, but only ten were 
published between 2000 and 2007, refl ecting the current 
situation of food intake in Brazil and its relevance to 
the subject. Of them, only one study23 presented data 
on general Brazilian population, and none showed data 
specifi cally on fatty acid intake. Data on consumption 
of food sources of fatty acids in pregnant and lactat-
ing women in Brazil were also searched in the same 
database and the papers relevant to the subject were 
considered.2,3,8,10,28,33,36,37
A recent analysis of data on household food availability 
in Brazil showed that the relative contribution of fi sh 
to total energy consumption is low, being about ten 
times lower than beef in urban areas, and presents a 
declining trend (–50%) in the last thirty years.23 It could 
be expected that the Brazilian general population, and 
pregnant and lactating women in particular, are far from 
achieving the current recommendations for DHA intake. 
DHA contents (g/100 g of food) of the most consumed 
fi sh species in southeast Brazil were the following:a 
“pescada” (Macrodon oncylodon; fried fi sh fi llet), 0.12; 
“pescada branca” (Cynoscion spp., fried), 0.45; sardine 
(Sardinella brasiliensis; fried), 0.36; sardine (Sardinella 
brasiliensis; canned in oil), 0.46; “corvina” (Micropo-
gonias furnieri; baked), 0.05; and shark (Carcharhinus 
spp.; stewed), 0.12. Therefore, to achieve the aim of 
1.4 g DHA/week, two servings of 150 g of sardines or 
“pescada branca” should be enough.
However, a larger number of servings and/or serving 
size are necessary when fi sh species with lower DHA 
contents are the main source of this fatty acid in the 
habitual diet. In the event when higher amounts of 
fi sh are needed, the risk of excessive intake of water 
contaminants should be considered, especially mer-
cury and dioxins. To avoid mercury toxicity, which 
might counterbalance the benefi cial effects of n-3 
LCPUFA, the intake of predator fi sh (such as tuna, 
swordfi sh, and shark) should be limited to one serv-
ing per week.22 Therefore, good food sources of DHA 
should contain high n-3 LCPUFA and limited content 
of water contaminants.
Fish farming is an alternative for increasing DHA 
contents of this foodstuff and dietary DHA intake, 
without increasing exposure to water contaminants. In 
Brazil, fi sh farming of commercial species has been 
developed and efforts to improve LCPUFA contents 
in freshwater fi sh, such as “surubim” (Pseudoplat-
ystoma coruscans), through diet manipulation has 
been successful and increased DHA contents up to 
approximately 0.6 g/100 g of fi sh.25
Another factor that might limit the adequacy of DHA 
status in the Brazilian population is the predominance 
of vegetable oils, especially soybean oil,23 as dietary 
source of PUFA. Vegetable oils are rich in essential 
fatty acids, linoleic and α-linolenic acids, but poor in 
LCPUFA. Linoleic and α-linolenic acids are converted 
into AA and EPA and DHA, respectively, but there is 
evidence that endogenous DHA synthesis is insuf-
fi cient, and intake of preformed DHA is advisable.7 
Furthermore, endogenous conversion of α-linolenic 
acid into EPA and DHA may be hindered by high intake 
of n-6 PUFA. The combination of high consumption of 
food sources of n-6 PUFA and low consumption of n-3 
PUFA, especially DHA, would result in a high n-6/n-3 
ratio in the diet, putting Brazilian population at risk of 
inadequate DHA status.
362 Docosahexaenoic acid inadequacy in Brazil Torres AG & Trugo NMF
Detailed data on fatty acid intake of Brazilian pregnant 
and lactating women are scarce, especially from large 
population-based studies. Few studies have been carried 
out with a limited number of women in different Brazil-
ian cities, such as Rio de Janeiro,3,8,28,33,37 Brasília10 and 
Viçosa36 and they suggest inadequate intake of n-3 PUFA 
during the reproductive cycle. The pattern of dietary 
intake of fat sources in Brazilian adult women during 
pregnancy and lactation shows a predominant intake of 
food sources of essential fatty acids and n-6 LCPUFA, 
such as vegetable oils, mainly soybean oil, and meat, 
over food sources of preformed n-3 LCPUFA, such 
as fi sh and fi sh products.8,10,33,36,37 In a study with adult 
lactating women in Rio de Janeiro37 PUFA contributed 
with approximately 20% of total fat intake, and n-6 fatty 
acids were the main PUFA (>80%) in the diet. Vegetable 
oils, mainly soybean oil, were the main sources of n-6 
(61%) and n-3 PUFA (52%). Fish and fi sh oils intake 
contributed with only 4% of n-3 PUFA intake.37
Data on nutrient intakes in adolescents during preg-
nancy and lactation are scarcer than those in adult 
women, with limited information even in industrial-
ized countries.29 Recent studies with pregnant27 and 
lactating28 adolescents in Rio de Janeiro showed that 
n-3, n-6 and total PUFA intakes were lower than the 
AMDR30 and the intakes reported for Brazilian lactat-
ing women of similar socioeconomic condition,37 re-
sulting in higher n-6/n-3 ratio in the diet of adolescents. 
Foods prepared with soybean oil were consumed by 
all adolescents, whereas only 10% of them reported 
regular intake of fi sh and fi sh products (on a weekly 
or monthly basis), showing a low intake of a major 
source of n-3 LCPUFA. These results are consistent 
with the fi ndings of other studies with adolescents in 
Rio de Janeiro, in which relatively high intake of food 
sources of saturated fat and low intake of food sources 
of polyunsaturated fat were reported.2,3
BIOCHEMICAL INDICES OF PUFA STATUS IN 
ADOLESCENT AND ADULT BRAZILIAN WOMEN 
DURING PREGNANCY AND LACTATION
Studies with adult women have shown that EFA and 
LCPUFA intake from diet or supplements affects 
maternal status during pregnancy18,32 and lactation.15,19 
The habitual dietary intake patterns of these fatty acids 
in both adolescent and adult Brazilian mothers would 
imply that n-3 LCPUFA status in these women might 
be impaired, especially in adolescents.
According to data from the Brazilian Ministry Informa-
tion System on Live Births (Sistema de Informações 
sobre Nascidos Vivos – SINASC), approximately 21% 
of all live births in 2005 were from adolescent mothers.a 
Adolescence is a period characterized by intense anabo-
lism, with increase in body mass, development of inter-
nal organs and systems, skeletal and sexual maturation 
and changes in the amount and distribution of adipose 
tissue.26 When pregnancy and subsequent lactation are 
superimposed upon adolescence, nutritional risks associ-
ated with each condition may be further enhanced.
The biochemical indices of EFA and LCPUFA statuses 
most commonly used are based on fatty acid composi-
tion of plasma12,34 and erythrocyte phospholipids.13,35,40 
Erythrocyte membrane fatty acid composition has been 
used as a biochemical marker of intake of fatty acids not 
endogenously synthesized15,32,38 and as a biochemical 
and functional index of EFA and LCPUFA maternal 
and infant status.13,17,33,35,40
In addition to the relative concentration (g/100 g) of 
individual fatty acids in the erythrocyte membrane, other 
indices have been proposed and used in different studies 
to characterize PUFA status: EFA status index (EFASTI; 
[Σn-3+Σn-6]/[Σn-7+Σn-9]), DHA status indices, and 
mean melting point (MMP). DHA indices are calcu-
lated as 22:6n-3/22:5n-6 and 22:5n-6/22:4n-6 ratios. 
Increased 22:6n-3/22:5n-6 indicates a balance between 
metabolic equivalents of n-3 and n-6 LCPUFA, which 
favors DHA.27,28,40 Therefore, the higher this index, the 
higher the functional DHA status.40 On the other hand, 
increased 22:5n-6/22:4n-6 indicates a balance favoring 
n-6 LCPUFA over DHA,27,28,40 and thus the higher this 
index, the lower the functional DHA status.40 The calcu-
lation of these indices takes into account the competitive 
metabolism of different fatty acids series, mainly n-3 
and n-6, as for EFA and DHA indices. The MMP16 is 
also calculated for overall and weighted contribution of 
different fatty acid families. For instance, competition 
between PUFA series plays an important role on DHA 
status since high n-6 PUFA intake may impair DHA 
status even when individual DHA erythrocyte levels 
seem adequate. As for MMP, which is an index of 
membrane “fl uidity”, high levels are suggestive of PUFA 
defi ciency, since the relative contribution of fatty acids 
with more unsaturated chains, which have lower melting 
points, would be diminished in the index calculation.16 
These indices provide complementary information and 
are likely to give better estimates of EFA and LCPUFA 
maternal status than quantitative comparisons of indi-
vidual fatty acids. Furthermore, they are more useful 
for comparisons across studies.
There has been a remarkable lack of information on the 
impact of pregnancy and lactation on EFA and LCPUFA 
status of adult and adolescent Brazilian women during 
the reproductive cycle. In order to retrieve references 
of published papers on fatty acid status in Brazilian 
pregnant and lactating women, a search was conducted 
in the ISI Web of KnowledgeSM using the keywords 
“lactation* AND fatty acid* AND Brazil*” and “ges-
tation* AND fatty acid* AND Brazil*”. Eight results 
a Ministério da Saúde. Datasus (2005). Sinasc – Sistema de informações sobre nascidos vivos [internet] [cited 2008 Dec 10]. Available from: 
http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sinasc/cnv/nvuf.def
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were retrieved for each search, but only four were 
relevant and selected.27,28,33,37 Recent studies carried out 
in Rio de Janeiro have addressed this issue and their 
results are discussed here. Table 1 shows PUFA status 
of Brazilian pregnant27,33 and lactating28,37 adult and 
adolescent mothers of similar socioeconomic condition 
using erythrocyte membrane fatty acid composition as 
a proxy of EFA and LCPUFA statuses.
Pregnant adolescents have signifi cantly lower levels 
of DHA and total n-6, n-3 and LCPUFA than pregnant 
adults, whereas lactating adolescents have unexpect-
edly higher levels of EPA, DHA, n3/n6 ratio, and total 
n-6, n-3 and LCPUFA than lactating adults (Table 1). 
However, there are no differences in EFASTI, 22:6n-
3/22:5n-6 and 22:5n-6/22:4n-6 between adolescents 
and adults either pregnant or lactating, despite more 
inadequate intake of LCPUFA especially of n-3 series 
were seen in adolescents.28,37 These results suggest that 
pregnancy and lactation affect differently PUFA status 
of adults and adolescents. The apparent inconsisten-
cies between adolescents and adults when comparing 
individual fatty acids or PUFA status indices, mainly 
22:6n-3/22:5n-6 and 22:5n-6/22:4n-6, draw attention to 
the fact that assessment of fatty acid status should not be 
based solely on measures of individual fatty acids.
Studies with adult women in developed countries show 
aggravation of EFA and DHA status during pregnancy 
and recovery during lactation.1,40 Similarly, among 
Brazilian women (Table 1), EFA status improved during 
lactation in both adolescents and adults, since EFASTI 
was higher in lactating adolescents (tendency, p<0.1) 
and adults (p<0.001) than pregnant women. However, 
22:6n-3/22:5n-6 did not improve during lactation in 
both Brazilian adolescents and adults, and 22:5n-6
/22:4n-6 improved only in adults (Table 1).
A comparison of EFA and DHA indices of Brazilian 
mothers with adult mothers in the Netherlands1,40 
shows that EFASTI values are higher in Brazilian 
mothers mainly due to the contribution of erythrocyte 
membrane linoleic acid and AA. A comparison with 
German mothers5 also shows that Brazilian mothers 
have higher levels of erythrocyte linoleic acid plus AA. 
However, Brazilian mothers had poorer DHA status, 
as shown by their lower 22:6n-3/22:5n-6 and higher 
22:5n-6/22:4n-6 values in the erythrocyte membrane. 
These fi ndings are consistent with the dietary pattern 
of Brazilian mothers, with relatively high intake of 
n-6 PUFA, especially linoleic acid, and low intake of 
preformed n-3 LCPUFA, especially DHA, compared 
with mothers in other countries where intake of n-3 
fatty acids is higher.40,41 This dietary pattern might also 
contribute to explain the non-improvement in 22:6n-3
/22:5n-6 and 22:5n-6/22:4n-6 among Brazilian mothers 
during the lactation period studied.
Table 1. Essential and LCPUFA status of Brazilian women during the reproductive cycle derived from erythrocyte membrane 
fatty acids.
Fatty acid status
Pregnant women (38 weeks of gestation) Lactating women (30–120 days postpartum)
Adults35
(n= 30)
Mean ± SD
Adolescents28
(n= 26)
Mean ± SD
Adults39
(n= 24)
Mean ± SD
Adolescents29
(n= 28)
Mean ± SD
18:2n-6 (g/100 g) 9.8 ± 1.6 9.7 ± 1.9 9.6 ± 1.3 9.7 ± 1.8
20:4n-6 (g/100 g) 11.4 ± 2.2 10.9 ± 2.1 11.5 ± 1.8 12.1 ± 1.6a,*
Total n-6 (g/100 g) 27.2 ± 0.2 25.6 ± 3.7b,* 25.9 ± 3.7c,* 27.7 ± 2.6a,*
18:3n-3 (g/100 g) tr. tr. 0.10 ± 0.02 tr.
20:5n-3 (g/100 g) tr. 0.8 ± 0.8 0.33 ± 0.18c,* 0.99 ± 1.30 
22:6n-3 (g/100 g) 4.6 ± 0.48d,*** 3.4 ± 1.5b,*** 3.7 ± 0.46c,* 4.5 ± 1.9a,*
Total n-3 (g/100 g) 6.8 ± 0.54d,*** 5.1 ± 2.2b,** 5.6 ± 0.75c,*** 8.6 ± 2.7a,***
n-3/ n-6 0.25 ± 0.02 0.20 ± 0.11 0.22 ± 0.06c,*** 0.32 ± 0.13a,***
Total LCPUFA (g/100 g) 23.2 ± 1.4d,* 21.0 ± 2.8b,*** 21.8 ± 3.1c,*** 26.5 ± 3.0a,***
EFASTI 2.0 ± 0.2d,*** 2.0 ± 0.5 2.3 ± 0.27 2.2 ± 0.2 
22:6n-3/ 22:5n-6 5.8 ± 1.8 5.4 ± 3.0 6.5 ± 1.8 5.9 ± 4.0
22:5n-6/ 22:4n-6 0.29 ± 0.09d,* 0.30 ± 0.18 0.24 ± 0.06 0.27 ± 0.10
MMP (°C) 27.7 ± 1.3d,** 29.3 ± 1.5b,** 29.7 ± 3.2c,*** 24.8 ± 3.0a,***
tr., traces; n-3/n-6, ratio between the sum of all n-3 and n-6 fatty acids; LCPUFA, the sum of all polyunsaturated fatty acids 
with 20C or more; EFASTI, essential fatty acid status index [(Σn-6+Σn-3)/(Σn-7+Σn-9)]; 22:6n-3/ 22:5n-6 and 22:5n-6/ 22:4n-6, 
DHA status indices; MMP, mean melting point.
Comparisons between groups (t-test): a signifi cantly different from pregnant adolescents; b signifi cantly different from 
pregnant adults; c signifi cantly different from lactating adolescents; d signifi cantly different from lactating adults;
*p<0.05
**p<0.01
***p<0.001
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MATERNAL-FETAL TRANSFER OF PUFA
The exponential accretion of LCPUFA in fetal tissues, 
especially in the brain, which occurs from gestation 
week 30 to 38 places a high demand for these fatty acids 
from maternal circulation,14 which partially explains 
the progressive decline in EFA, AA and DHA maternal 
status towards the end of pregnancy.1,40
The availability of LCPUFA during early life affects 
the quality of growth and the development of visual 
and cognitive functions.17 Several studies have shown 
that later LCPUFA status in infants is determined by 
both their status at birth and post-natal diet.13,15,24 The 
evaluation of EFA and LCPUFA status at birth can be 
an important predictor of future status of fatty acids 
and development in infants.
Placental transfer of fatty acids is selectively higher for 
AA and DHA compared to other PUFA.14 International 
studies using erythrocyte membrane35,40 and plasma 
phospholipids9,12 in the umbilical cord blood have 
shown that AA and DHA contents are higher, whereas 
linoleic acid is lower, in newborn infants than in their 
mothers, and that full-term infant levels of EFA and 
LCPUFA are associated to maternal levels.40
Another search was conducted in the ISI Web of Knowl-
edgeSM for papers concerning newborn fatty acid status 
in Brazil (keywords: “newborn AND infant AND fatty 
acid* AND Brazil*”). Only two relevant results were 
retrieved and examined.4,33
The evaluation of PUFA status of Brazilian mothers 
and their full-term infants at birth,33 as assessed based 
on fatty acid composition of erythrocyte membrane, 
is shown in Figure. Neonatal AA was higher (p<0.01) 
than maternal levels, whereas its precursor linoleic acid 
was lower (p<0.01) than maternal levels (Figure A), in 
accordance with international studies.35,40 But there was 
no difference in EFASTI between mothers and newborn 
infants (Figure B). However, neonates had poorer DHA 
status than their mothers, as showed by their lower 
DHA content (Figure A) and lower 22:6n-3/22:5n-6 
and higher 22:5n-6/22:4n-6 (Figure B).
The imbalance between low DHA maternal status and 
the relatively adequate linoleic acid and AA status pos-
sibly contributed to low DHA status of Brazilian infants. 
This hypothesis is consistent with a negative association 
between neonatal DHA and maternal AA and positive 
association between neonatal AA and maternal AA and 
linoleic acid. Also, in neonates, there was a negative 
correlation between AA and DHA, and in their mothers, 
there were found negative correlations between linoleic 
acid and DHA and between AA and DHA.33
Furthermore, Brazilian infants had lower 22:6n-3
/22:5n-6 and higher 22:5n-6/22:4n-6 than term infants 
in the Netherlands,40 although individual contents 
(g/100 g total fatty acids) of linoleic acid, AA and 
DHA in erythrocytes were similar to those described 
in infants in other countries.35,40 Another study4 with 
full-term newborns in Northeast Brazil, in which 
fatty acid composition of umbilical cord plasma was 
determined, showed that AA and DHA contents were 
similar to those seen in newborns in other countries, 
but biochemical indices were not calculated. These 
observations support the importance of the evaluation 
of more integrated biochemical indices together with 
the fatty acid composition when fatty acid status is 
compared across different groups.
The results on PUFA status of Brazilian mothers and 
their newborn infants suggest that the current intake 
levels of n-3 LCPUFA in pregnant women in Brazil may 
not be suffi cient to sustain an increased maternal-fetal 
transfer of DHA until term.
Figure. Essential PUFA (A) and PUFA status indices (B) derived 
from erythrocyte membrane fatty acids in Brazilian mothers 
(n= 30) and their infants (n= 30).
LA: linoleic acid (18:2n-6); AA: arachidonic acid (20:4n-6); 
DHA: docosahexaenoic acid (22:6n-3); 22:5n-6/22:4n-6 
and 22:6n−3/22:5n-6: DHA status indices; EFASTI: EFA 
status index [(Σ n-6 + Σ n-3)/ (Σ n-7 + Σ n-9)]; MMP: mean 
melting point.
Error bars are standard deviations.
* Signifi cantly different from mothers (p<0.05).
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BREAST MILK LCPUFA OF ADULTS AND 
ADOLESCENTS IN DIFFERENT REGIONS IN 
BRAZIL
Human milk PUFA and LCPUFA contents are highly 
dependent on maternal habitual intake of dietary sources 
of these fatty acids.17 Endogenous synthesis of LCPUFA 
from shorter chain PUFA is extremely limited in new-
borns, and insuffi cient to maintain an adequate status 
and sustain adequate development.17,22 Breast milk is 
the only source of essential fatty acids, including AA, 
EPA and DHA, to breastfed infants. Therefore, infant 
LCPUFA status is determined by maternal status, and 
consequently an adequate maternal intake of preformed 
LCPUFA is required during pregnancy and lactation.17
Another search was performed in the ISI Web of Knowl-
edgeSM for papers concerning milk fatty acid composi-
tion in Brazil (keywords: “breast milk AND fatty acid* 
AND Brazil*”; period: years 2000–2007). Only three 
relevant results were retrieved and examined.10,36,37 A 
more recent paper concerning milk fatty acid composi-
tion of adolescent mothers28 was also reviewed.
Data on milk composition of essential n-3 and n-6 
PUFA of Brazilian lactating women from three dif-
ferent cities10,36,37 recently published using modern 
gas-chromatographic techniques are presented in 
Table 2. The general pattern of PUFA composition is 
similar between the three groups of adult women and 
the group of adolescents. Direct comparisons between 
the four groups with statistical tests (unpaired t-tests) 
are limited because data were generated in different 
laboratories except for comparisons between adults and 
adolescents in Rio de Janeiro,28,37 which are from the 
same laboratory. Considering the limitation mentioned, 
comparison between milk of adolescents in Rio de Ja-
neiro and adults in Brasília10 and Viçosa36 showed that 
total LCPUFA, AA, EPA and DHA were signifi cantly 
different (p<0.0005) between adults and adolescents. 
However, the comparison of milk composition of adults 
and adolescents in Rio de Janeiro with similar socio-
economic conditions, showed that the only signifi cant 
difference was in total LCPUFA (p<0.0001), which was 
lower in adolescents, and that AA tended (p=0.054) also 
to be lower. The absence of marked differences in n-3 
and n-6 LCPUFA in breast milk of adults and adoles-
cents in Rio de Janeiro despite lower intake of n-3 and 
n-6 fatty acids among adolescents was unexpected. It 
is possible that transfer of EFA and LCPUFA to mam-
mary glands in adolescents is preferred than to maternal 
tissues and as effi cient as in adult women. These results 
are consistent with the known modulation of breast milk 
fatty acid composition by maternal hormones.31
In general, fatty acid composition in human milk of 
Brazilian women is similar to that of women in other 
countries.21 But milk DHA is lower in most studies 
with Brazilian women28,36,37 when compared to average 
international data.6 These results are consistent with 
low intake of dietary sources of n-3 LCPUFA seen in 
Brazilian lactating women and their DHA status evalu-
ated through several indices.28,37
Breast milk is the only source of LCPUFA to the devel-
oping newborn, thus maintenance and recovery of in-
fant status is strictly dependent on an adequate supply of 
these fatty acids. When infants are born with inadequate 
DHA status, and EPA and DHA are low in breast milk, 
as it seems to be the case in Brazil,28,33,37 LCPUFA status 
may not be recovered. This inadequacy may have long-
term developmental consequences as has been shown 
in studies with infants in other countries.17,39 However, 
the impact of inadequate supply of LCPUFA on infant 
development has not been evaluated in Brazil.
A recent study in Brazilian Northeastern infants showed 
that, after controlling for confounders, full breastfeed-
ing for one month showed a small but signifi cant benefi t 
for mental development at twelve months.11 Although 
Table 2. Essential fatty acids and LCPUFA in breast milk of adult and adolescent Brazilian women.
Essential n-3 and n-6 PUFA
Adults Adolescents
Rio de Janeiro, RJ39
(n= 33)
Mean ± SD
Brasília, DF9
(n= 77)
Mean ± SD
Viçosa, MG38
(n= 80)
Mean ± SD
Rio de Janeiro, RJ29
(n= 28)
Mean ± SD
18:2n-6 (g/100 g) 16.6 ± 3.9 20.6 ± 4.9 20.3 ± 6.5 17.3 ± 4.8
20:4n-6 (g/100 g) 0.47 ± 0.13 0.71 ± 0.18 0.53 ± 0.14 0.40 ± 0.15
Total n-6 (g/100 g) 17.9 ± 3.95 22.4 ± 9.7 21.8 ± 6.7 18.3 ± 5.3
18:3n-3 (g/100 g) 1.16 ± 0.31 1.93 ± 1.31 1.43 ± 0.66 1.08 ± 0.54
20:5n-3 (g/100 g) 0.07 ± 0.05 0.16 ± 0.08 tr. 0.05 ± 0.01
22:6n-3 (g/100 g) 0.22 ± 0.10 0.34 ± 0.19 0.14 ± 0.05 0.20 ± 0.10
Total n-3 (g/100 g) 1.61 ± 0.39 2.62 ± 1.20 1.6 ± 0.67 1.70 ± 0.54
n-3/n-6 0.091 ± 0.018 0.14 ± 0.02 0.07 ± 0.02 0.09 ± 0.01
Total LCPUFA (g/100 g) 1.88 ± 0.47 2.44 ± 1.28 1.56 ± 0.48  1.17 ± 0.30
PUFA, polyunsaturated fatty acids; tr., traces; n-3/n-6, ratio between the sum of all n-3 and n-6 fatty acids; LCPUFA, the sum 
of all polyunsaturated fatty acids with 20C or more.
366 Docosahexaenoic acid inadequacy in Brazil Torres AG & Trugo NMF
nutritional components of breast milk involved in this 
slight but positive effect of breastfeeding were not 
evaluated, milk LCPUFA might have contributed to 
this outcome. It could be hypothesized that if higher 
levels of milk AA and especially DHA were present 
in the breast milk of Brazilian women, more marked 
benefi ts would be seen.
CONCLUSIONS
Considering food consumption data in the general 
population23 and in pregnant and lactating women in 
limited studies3,8,10,28,33,36,37 in Brazil, and current dietary 
recommendations and guidelines from international 
expert groups,22,30 it could be hypothesized that dietary 
intake of n-3 LCPUFA is inadequate, especially in 
pregnant and lactating women. This hypothesis re-
quires to be directly tested in population-based studies 
designed to specifi cally measure PUFA and LCPUFA 
intake and to allow comparisons with reference data 
through appropriate statistics.
Published data on PUFA and LCPUFA status of preg-
nant and lactating Brazilian women are consistent with 
data on dietary intake of these fatty acids, and point 
to evidence of inadequacy of DHA status evaluated 
through several biochemical markers, including milk 
composition, across the reproductive cycle. Inadequate 
LCPUFA status of women during the reproductive cycle 
might have negative consequences for the developing 
infant as well as for the mother. If maternal status is 
depleted after the cycle of pregnancy and lactation, and 
is not recovered through appropriate dietary intake, it 
could be speculated that maternal status would be fur-
ther depleted in a subsequent reproductive cycle. It is 
imperative that cohort studies are specifi cally designed 
to measure post-partum and post-lactation recovery of 
maternal status, evaluated through integrative biochem-
ical indices, in Brazilian women with current habitual 
intake of sources of PUFA and LCPUFA.
Neural function of Brazilian newborns and breastfed 
and non-breastfed infants should be evaluated in 
systematic studies in order to determine the develop-
mental risk potentially caused by inadequate maternal 
DHA intake. It should also be determined whether 
proper maternal nutrition would result in adequate 
statuses in mothers and infants, and how valid are 
international reference intakes of LCPUFA for Brazil-
ian mothers.
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